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Platypnea-orthodeoxia is a rare syndrome characterised by dyspnea and hypoxemia worsened on
upright posture. We report the case of a 76-year-old man treated for lung adenocarcinoma who had
developed severe hypoxemia due to right-to-left shunt through a patent foramen ovale (PFO). Diagnosis
was suspected by systemic uptake of isotope during lung scintigraphy performed to eliminate pulmonary
embolism. Arterial blood gas analysis in supine and upright positions demonstrated orthodeoxia.
Contrast-enhanced trans-oesophageal echocardiography revealed a slightly redundant atrial septum and
large right-to-left shunt through a PFO despite normal pulmonary pressure. Chest computed tomography
and echocardiography showed a 59-mm aneurysm of the thoracic aorta. The opening of the PFO seemed
to be the result of mechanical deformation of the atrial septum by aortic root dilatation and possibly by
lung carcinoma. Transcatheter closure of the atrial defect has provided excellent results, including a rapid
increase in systemic saturation and improvement of symptoms without any complications.
 2009 Elsevier Ltd. All rights reserved.1. Introduction
Platypnea-orthodeoxia syndrome is the association of dyspnea
and cyanosis exacerbated by the upright position.1 It is usually
caused by a right-to-left shunt through a patent foramen ovale
(PFO) in the absence of pulmonary hypertension.2 Platypnea-
orthodeoxia syndrome is associated with pathological conditions
such as pneumectomy3 or pericardial effusion.4 Ascending aortic
aneurysm can also be associated with this syndrome.5 We report
a case of platypnea-orthodeoxia syndrome in a patient with right
pulmonary cancer and aortic root dilatation who was treated
successfully by transcatheter closure of the PFO.
2. Case report
We present the case of a 76-year-old man referred to our
institution for chemotherapy for bronchial adenocarcinoma in the
right superior bronchus; the patient had mediastinal adenopathy
and vertebral metastases visible on positron emission tomography
and magnetic resonance imaging (T4, N2, M1). The patient was an
ex-smoker with mild symptoms of chronic bronchitis. He also had33 3 81 66 86 26.
ard).
rved.systemic hypertension and a history of right nephrectomy for renal
cancer in 1997 and prostatectomy for benign prostatic hyperplasia.
In November 2008, he was admitted for severe hypoxemia.
Physical examination of the patient in the supine position revealed
cyanosis, tachycardia, and moderate dyspnea. His blood pressure
was 130/70 mmHg; he had a steady pulse rate of 90 beats/min and
a respiratory rate of 18 breaths/min. Lung ﬁelds were clear to
auscultation, and cardiac examination was normal. No peripheral
oedema was present. With the patient breathing room air in the
supine position, initial arterial blood gas analysis revealed pH 7.49,
PaO2 5.6 kPa, PaCO2 4 kPa, and O2 saturation of 80%. Haemoglobin
(14.1 g/L) and hematocrit (41%) were normal. ECG was normal.
Because these data suggested pulmonary embolism, ventilation
and perfusion lung scintigraphy were performed. There was no
evidence of perfusion defect in either lung, but there was systemic
uptake of the isotope in the spleen, kidneys, thyroid, and liver,
suggesting a right-to-left shunt.
Repeat arterial blood gas analysis while the patient was in the
supine and upright positions demonstrated a worsening of
hypoxemia in the upright position, suggesting platypnea-ortho-
deoxia syndrome with right-to-left shunt. Chest computed
tomography (CT) showed a 46 29-mm right lung adenocarci-
noma (Fig. 1) and a 59-mm aneurysm of the ascending thoracic
aorta (Fig. 2A). Lung arteriovenous ﬁstula and anomalous venous
return were excluded.
Fig. 1. Thoracic computed tomography showing a right superior lobar pulmonary
adenocarcinoma measuring 46 29 mm (arrow).
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ualisation of the aortic dilatation and normal left ventricular func-
tion. Right heart cavities were not dilated; pulmonary pressures
were normal. There was no pericardial effusion. Peripheral contrast
injection showed a spontaneous intracardiac right-to-left shunt and
more than 30 microbubbles in the left heart cavities within three
cardiac cycles following their appearance in the right atrium. Trans-
oesophageal contrast echography conﬁrmed the diagnosis, showing
a large spontaneous right-to-left shunt through a PFO while the
patient was in the sitting position. There was no aneurysm of the
interatrial septum, but therewas a slight redundancy of septal tissue
extending 12 mm beyond the plane of atrium (Fig. 3).
The patient underwent transcatheter closure of the PFO using an
Amplatzer device (Amplatz PFO Occluder 35 mm; AGA Medical
Corporation, Plymouth, MN, USA). The patient’s symptoms and
blood gas readings improved immediately (Table 1). The post
procedural course was uneventful and the patient was discharged
to home after one week without supplemental oxygen.3. Discussion
Platypnea-orthodeoxia syndrome is an uncommon cause of
dyspnea, ﬁrst described by Burchell et al. in 19491 andFig. 2. Thoracic computed tomography showing a 59-mm aneurysm of the ascending thora
aortic root (Ao) enlargement (B). RA, right atrium; LA, left atrium.characterised by breathlessness that is exacerbated when the
patient is in the upright position (‘‘platypnea’’) and arterial oxygen
desaturation that is worsened when the patient is in the upright
position (‘‘orthodeoxia’’).
This syndrome can be caused by pulmonary arteriovenous
shunts6 or pulmonary parenchymal shunts in the hepatopulmo-
nary syndrome.7 However, right-to-left intracardiac shunts with
interatrial communication are the most common aetiology, mainly
represented by a PFO and less frequently by a true atrial defect such
as ostium secondum2 (Table 2). The foramen ovale results from
incomplete fusion of the septum primum to the septum secondum.
It remains present in 25–30% of healthy subjects8 and is linked to
several conditions such as paradoxical embolism,9 migraine with
aura,10 transient global amnesia,11 and decompression sickness in
divers.12
The mean right atrial pressure is normally lower than the mean
left atrial pressure. Reversal of the left-to-right atrial pressure
differential can occur in association with the substantial hemody-
namic changes caused by physiologic manoeuvres that increase
right atrial pressure, such as posture change, inspiration, cough, or
valsalva manoeuvres.13 In addition, this pressure differential
reversal can occur in association with pathologic conditions char-
acterised by high pulmonary vascular resistance,14 such as acute
pulmonary embolism,15 hypoxemia due to obstructive sleep
apnea,16 severe chronic obstructive pulmonary disease,17 or right
ventricular infarction.18 The right-to-left atrial shunt in the pla-
typnea-orthodeoxia syndrome occurs despite normal right atrial
pressure and vascular pulmonary resistance.
The diagnosis of this syndrome can be challenging. Having the
patient breathe 100% oxygen while in the recumbent and then
upright position is a simple and sensitive test to screen for refrac-
tory hypoxemia 1.9 The right-to-left shunt can be demonstrated by
perfusion lung scintigraphy with systemic uptake of the isotope19
or with invasive right heart catheterisation. The most sensitive
modality for non-invasive diagnosis is peripheral contrast-
enhanced echocardiography (transoesophagal and transthoracic),
which can detect spontaneous shunt <4%.20 If this procedure is
unavailable or not possible, transcranial Doppler can substitute.21
These techniques may fail to show shunting if performed when the
patient is supine22; in some cases, the investigations should be
repeated with the patient in the sitting or upright positionwith the
help of a tilt-table.23 Echocardiography also allows visualisation of
the atrial and ventricular septa and provide the opportunity to look
for defects, aneurysm, or other abnormalities.24
Many conditions have been reported to produce platypnea-
orthodeoxia syndrome in the presence of PFO, including pulmonarycic aorta (A). The ﬂoppy interatrial septum (red arrow) is compressed by a signiﬁcant
Fig. 3. Trans-oesophageal echocardiography shows a slightly redundant atrial septum and a patent foramen ovale (A). The length of the atrial septum is 16.8 mm (a) and it
protrudes beyond the plane of atrium by 12 mm (b). The atrial septum is compressed by aortic root dilatation (Ao). Colour Doppler mode (B) and peripheral contrast-enhanced
injection (C) showed the spontaneous right-to-left shunt through the patent foramen ovale.
Table 2
Clinical states associated with platypnea-orthodeoxia syndrome.
Cardiac Patent foramen ovale
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2). Our patient presented with another anatomic disorder,
ascending aortic aneurysm, which may explain the development of
spontaneous right-to-left atrial shunt. This association seems to be
non-fortuitous, and a few isolated cases have been described in the
literature.20,23,26,27 In one retrospective study, the majority of
patients with platypnea-orthodeoxia syndrome presented with an
aortic dilatation (12/19) patients, 63%.5
In this study, echocardiographic analysis showed that the
interatrial septum had smaller dimensions and increased mobility
as compared to that in healthy subjects and patients with aortic
root dilatation and no intracardiac shunt. In our patient, the length
of the atrial septum was reduced (16.8 mm) and the septum was
ﬂoppy, but not as ﬂoppy as an atrial septal aneurysm. The septum
had a protrusion that extended 15 mm beyond the plane of the
atrium inferior28 (Fig. 3). In this instance, the septum of the fossa
was slightly redundant and more mobile, but could not be pushed
far toward the centre of either atrial cavity. As illustrated by
thoracic CT (Fig. 2B) and trans-oesophageal echocardiography
(Fig. 3), the shape of the atrial septum had been modiﬁed by
compression of the right atrium secondary to aortic dilatation.
The underlying pathophysiology of spontaneous right-to-left
shunt through a PFO in the presence of normal pulmonary artery
pressures suggests several mechanisms. First, a physiopathologic
transient spontaneous reversal of the left-to-right atrial pressure
differential is present during early diastole and during iso-
volumetric contraction of the right ventricle of each cardiac
cycle.29 Next, a physiologic change in the relationship of the
compliance of right-sided and lef-sided chambers, which is
probably exacerbated with age, with the right-sided chambers
becoming siffer than left-sided chambers has been advocated.30Table 1
Blood gas analysis before and after percutaneous closure of the patent foramen
ovale.
Before 1 h after 24 h after
Supine Upright Supine Upright
pHa 7.45 7.47 7.42 7.48 7.49
PaCO2 (kPa) 3.67 3.34 4.06 3.75 3.82
PaO2 (kPa) 8.46 5.62 11.5 11.0 10.8
HCO3- (mmol/L) 18.8 17.9 20.3 20.7 20.7
O2 (L/min) 12 12 3 Room air Room air
SaO2 (%) 92.5 79.1 96 97 97
Hb (g/dL) 14.1 14.0 12.5 13.6 13.7
Hct (%) 41 41 37 40 40
PaCO2, partial arterial carbon dioxide pressure; PaO2, partial arterial oxygen pres-
sure; HCO3-, bicarbonate; O2, output of oxygen; SaO2, arterial oxygen saturation;
Hb, haemoglobin; Hct, hematocrit.Thirdly, anatomic disarray of the inferior vena cava relative to the
atrial septum due to mediastinal shift, counterclockwise rotation
of the heart, and compression of the right atrium following
ascending aorta enlargement results in horizontal reorientation of
the plane of the atrial septum that overlies the inlet of the inferior
vena cava into the right atrium, allowing part of the ﬂow to stream
directly toward the atrial defect.13 Finally, Eicher et al. suggested
that a ﬂoppy atrial septum compressed by aortic root enlargement
could as act as a spinnaker in the venous blood ﬂow; its billowing
to the left would help to keep the foramen ovale wide open.5
In our patient, the right superior lung adenocarcinoma
measured 46 29 mm (Fig. 1). Lung cancer could also contribute to
right-to-left atrial shunting due to lung retraction that modiﬁed
atrial septum geometry.
The precise mechanisms of shunting in the supine position are
still not understood, but the distorted anatomical arrangement of
the great veins relative to the atria is assumed to worsen in the
upright position.
Percutaneous transcatheter closure of a PFO is an effective
treatment for platypnea-orthodeoxia and is associated with an
immediate increase in systemic saturation, symptom improve-
ment, a very high rate of prosthesis implantation, and a low risk of
complications.31 This technique may help to avoid the morbidity,
mortality, and increased expense associated with open-heart
surgical procedures in selected patients in unstable condition.32Atrial septal defect
Atrial septal aneurysm
Aortic aneurysm
Persistent eustachian valve or Chiari network
Pericardial effusion
Constrictive pericarditis
Eosiniphilic endomyocardial disease
Pulmonary disease Chronic obstructive pulmonary disease
Pulmonary emphysema
Upper airway tumour
Pneunomectomy
Lobectomy
Acute respiratory distress syndrome
Hepatopulmonary syndrome
Blunt chest wall trauma
Idiopathic hemidiaphragmatic paralysis
Abdominal Hepatic cirrhosis
Ileus
Miscellaneous Autonomic neuropathy
Kyphoscoliosis
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Platypnea-orthodeoxia syndrome is a rare cause of dyspnea but
its frequency is probably underestimated. Aortic root dilatation
may be a risk factor for shunting when associated with an atrial
defect or PFO, probably due to modiﬁcation of atrial septal geom-
etry. Transcatheter closure of the PFO appears to provide excellent
results with no complications.
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